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The road transport and particularly the passenger cars are responsible for increasing the share of trans- 
port energy consumption and harmful emissions level growth. The fuel economy label is an informative 
tool to influence customers and manufacturers to put special care to the energy efficiency issue. The 
implementation of fuel economy label for motor vehicles in Malaysia will prevent the up going trend of 
petroleum consumption which will be beneficial to consumer and society. As a consequence, the harmful 
greenhouse gas (GHG) emissions that are the main causes of the global warming and air pollution will be 
reduced. Studies in developed countries show that implementing the fuel economy label is beneficial for 
society, government and the environment. This paper focused on a review of international experiences on 
fuel economy label. It also attempts to discuss about the energy savings possibilities that lead to reduce 
GHG emissions by implementing the program. The last but not least recommendation is the fact that the 
sooner the fuel economy label applies for the passenger cars in Malaysia will be more beneficial for the 
country. 
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1. Introduction 


The global warming and air pollution facing the world today is 
getting worse more and more. Therefore, there has been a grow- 
ing concern recently about energy use and its adverse impact on 
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the environment all over the world [1-6]. The transportation sec- 
tor is the most significant sector that accelerates environmental 
degradation among other. The negative impact of transportation 
on the environment is widely known and discuss deeply in many 
countries as presented in details in Refs. [7-21]. As an emerging 
economy country, Malaysia is not exempted from this environmen- 
tal degradation. During the last three decades, the motor vehicle 
usage has increased rapidly in this country together with increasing 
income per capita [22-26], and it is predicted to grow much higher 
in the future [27-32]. In order to reduce the energy consumption 
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Fig. 1. Environmental Protection Agency (EPA) endorsement label. Fig. 2. Sample of dial label. 


energieEtikette 


Marke Testwagen 
Typ Strom 


Treibstoff Strom 

Getriebe Vollautomatisch, 5 Stufen 
Leergewicht 2143 kg 
Emissionsvorschrift 


Energieverbrauch 14 kWh / 100 km 
EU-Normverbrauch Benzinåquivalent: 1.5 I 


CO,-Emissionen 0g/km 


CO, ist das für die Erderwärmung haupt- 
werantwortliche Treibhausgas. 


CO,-Emissionen aus der Stromproduktion 


Energieeffizienz 

Für die Einteilung in die Kategorien der 
Etikette sind zwei Gróssen massgebend: 
Energieverbrauch und Gewicht. 


Der Energieverbrauch und damit die CO,- 
Emissionen eines Fahrzeugs sind auch 
vom Fahrstil und anderen nichttechnischen 
Faktoren abhangig. 


Informationen zum Energieverbrauch und zu den CO,-Emissionen, inklusive einer Auflistung aller angebotenen 
Neuwagen, sind kostenlos an allen Verkaufsstellen erhältlich oder im Internet unter www.energeetkette.ch abruf- 
bar. 


Gültig bis 31.12.2012 / 1XY000 (a5) 


Fig. 3. Sample of bar label. 
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Fuel Economy 


26:2 $1,617 


annual fuel cost 


combined aty 


highway 


3. 


Consumption 


gallons used 
every 100 miles 


1 Gasoline Vehicle 


Environment Rating 


(among all vehicles) 


347: 
grams/mile 


tailpipe only 


Other Air Pollutants 


Fuel Economy & Greenhouse Gas Rating 


(among all vehicles 


Menes | «| 9 | 


Fuel economy for all SUVs ranges from 12 to 32 MPG 


Smartphone 
Interactive 

Scan code for more 
information about this 
vehicle or to compere 
it with others 


Fig.4. Sample of linear label. 


and emissions in the transportation sector, the government con- 
siders adopting the strategy that can control energy growth in the 
near future. One of the most popular strategies to save energy con- 
sumed in motor vehicles and to educate customers to use fuel 
efficiently is to implement the fuel economy label [33-44]. The 
program has been successfully implemented in some developed 
countries but the initiative cannot be directly reproduced in the 
developing countries because of the differences and uniqueness 
of the manufacturing structure, energy policies, infrastructure and 
climates condition. There are a few countries that have failed to 
implement the program while others have used it successfully, 
some of related papers in the subject presented by Refs. [45-55]. 
Some of the experiences of the developed countries can be directly 
adopted, but some others must be modified in order to make the 
program compatible with the developing country. 

Fuel economy standards are more focused on the technical 
parameters of energy efficiency while the fuel economy labels are 
employed to make the customers aware of the relative efficien- 
cies of various models of vehicles. Some works related to technical 
parameters of fuel economy standard are given in Refs. [56-62] 
while some of the works related on fuel economy labeling are dis- 
cussed by Refs. [63-69]. By this means fuel economy labels will 
bring competition between car manufactures and they can acts as 
an indicator telling the potential buyer how efficient the car is. By 
defining appropriate label, the car with the best fuel economy and 
most competitive price, is more likely to be sold in large numbers. 
Labels are not only to set a guideline of efficiency that manufac- 
tures should follow, but also they can encourage them to improve 
their product while preserving their price low enough to win the 
market. Some fuel economy labels indicate the operating costs of 
the model over a certain period of time, usually one-year. Others 
display the fuel consumption rate of the vehicles. Overall, the most 
important aspect of fuel economy labels is to provide a procedure 
for the customers to compare the performances of similar type of 
vehicles. It has been done in some cases by showing the fuel con- 
sumption of a particular model on a scale and it shows the lowest 
and highest fuel consumption models. The labels usually displayed 
on the wind screen of each vehicle so that the costumers get the 
information during procurement. Some other related works on fuel 


economy standards and labels around the world are discussed in 
detail by Refs. [70-90]. 

Disregarding the fact of dismissing fuel resources at a significant 
rate is against the goal of achieving sustainable society. Hence, rad- 
ical steps should be taken to ensure efficient implementation of 
the energy efficiency program around the world. In the history of 
development economics, the fuel economy label has been thought 
as a key factor in indicating efficiency. It is apparent from statis- 
tical data, that passenger cars are the largest vehicle categories. 
Therefore, one of the effective strategies to improve the efficient 
use of energy is to implement the fuel economy label for passen- 
ger car [87,91-95]. Based on the author’s knowledge there is no 
specific studies have been conducted on comparing and history of 
fuel economy labeling. Therefore, this paper attempts to present a 
review on history and current status of the motor vehicle energy 
labeling and its implementation possibilities in Malaysia that can 
be used as a source for further policies and authority in this country 
as well as in other developing countries. 


2. Fuel economy labels 


Fuel economy label is a mandatory or voluntary sticker that is 
affixed to the car containing information of the vehicle’s fuel con- 
sumption. Fuel economy label is a tool to make customers and 
manufacturers to put more emphasis on energy efficiency. There- 
fore, the objective of introducing labels is to convince the customer 
to buy and the manufacturers to produce more fuel efficient vehi- 
cles. 


2.1, The purpose fuel economy label 


There are multiple benefit of implementing fuel economy labels, 
however the most striking benefits of the program are to [96,97]: 


(i) Encourage customer to select the most efficient vehicles that 
meets their requirements. 

(ii) Enable customers to take into account the operating cost and 
the life cycle cost of the vehicle. 
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ENVIRONMENTAL I 


ATION 


ENVIRONMENTAL INFORMATION 


A guide on fuel economy and: COz emissions which contains data for all new passenger car 
models is available at any point of sale free of charge. In addition to the fuel efficiency of a 
car, driving behaviour as well as other non-technical factors play a role in determining a 
car's fuel consumption and CO2 emissions, COs is the main greenhouse pas responsible 
for global warming. 


Make/Model: .. Engine Capacity (ce): 


Transmission: 


Fuel Type: .. 


Fuel Consumption: 


Urban 
Extra-Urban 


Combined 


Carbon dioxide emissions g/km: 
Important note: Some specifications 
of this make/model may have Lower 
CO: emissions than this. Check with 
your dealer, 


Fig. 5. Information only label. 


(iii) Encourage the manufacturers and importers to improve the 
efficiency of the vehicle and to make sure efficient vehicle share 
available in the market. 

(iv) Increase awareness of fuel consumption and emissions that 
will influence the potential buyer. 

(v) Influence motor vehicle manufacturers to gradually improve 
fuel economy of newly produce vehicles. 

(vi) Provide a pool of more efficient vehicle in the market by label 
grading mechanism. 


2.2. Fuel economy label categories 


Generally, there are three main categories of energy label used 
in various countries, those are [98]: 


(i) Endorsement label offers a seal of approval that a vehicle 
should meets certain pre-specified criteria. The purpose of 
endorsement label is to indicate clearly that the labeled vehicle 


use energy more efficient compared to others in the mar- 
ket. These labels are generally based on a ‘yes-no’ cutoff and 
offer little additional information. The Energy Star, which is 
introduced with joint administered of US Environmental Pro- 
tection Agency (EPA) and US Department of Energy is one 
example of endorsement labels. The sample of endorsement 
label is presented in Fig. 1 [99]. 

(ii) Comparative labels allow customers to compare energy con- 
sumption among available models in order to make an 
informed choice. A comparative label can fall into two sub- 
categories; (i) categorical ranking system, (ii) continuous scale 
or bar graph to show relative energy use. The categorical label 
uses a ranking system that helps the customer to compare the 
fuel economy of different vehicle models. The main emphasis 
is on establishing clear categories so that the customers can 
easily compare the fuel economy of the vehicle with others 
by just looking at a single label. The continuous scale label 
provides comparative information that allows customers to 
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Table 1 
History of fuel economy labeling. 

No. Country Year Note 
1; Australia 1th January 2001 
2. Brazil November 2009 
3. Canada 1998 
4. Chile Voluntary beginning 2011, Mandatory September 2011 
5. China 2009 
6. California 1978 California smog index label 
FA Denmark 1th January 2000 
8. Europe 18 January 2001 EU-Directive (Directive 1999/94/EC adopted) 
9. India Voluntary in 2010, Mandatory after 2011 

10. Japan April 2004 

11. New Zealand 7 April 2008 

12. Sweden 1977/1978 (there are two version in web) See at file Rep. Korea 

13. Singapore Voluntary 2003, Mandatory 1 April 2009 

14. South Africa 1 July 2008 

15. Republic of Korea/South Korea Rep. Korea (1992) - after separate become S. Korea, they For info see at file Rep. Korea 

enacted fuel efficiency information in 2005 

16. Thailand 2005 

17. U.S.A. 1975 

18. U.K. 1983 


Hersteller: Musterfirma 


Modell: Musterauto Diesel 
Leistung. Antriebsart JOKW / 41 PS, Frontantrieb 


Kraftstoff: Diesel 


Offizieller Kraftstoffverbrauch: 3,4 1/100 km 


Gesamtverbrauch laut Typenschein 


Market Agree on test 


Voluntary or Research protocol 
Mandatory? 


Which products Dieser Kraftstoffverbrauch entspricht folgender 


should be labeled 


Establish test 


Test reporting and 


registration Laboratorier Kohlendioxid-Emission (CO,): 


90 g/km 


Fig. 6. The ‘iceberg’ of energy labeling. 


60 280 300 darüber 
Hon Bedra au Tro brw naf 


so 80 100: 4201 3407 EO] EU 
Geringe Beira, ar Trebiam 


choose between models but do not use specific categories. 


Basically, the visual design of comparative labels can be divided Ein Leitfaden über den Krål(pffverbe ch und die CO»Emissionen. der Daten 


into three categories [100]: für alle ne@  Re@ henkre agerimodelie enthält, ist kostenlos an allen 
å «Thi (Mar nr "em Verkaufsorte ai ‘tic 

(a) Dial label: This type has a ‘dial’ or ‘gauge’, with a greater fuel Doubs Wen for COrAusstoss eines Fahrzeugs sind nicht nur 

economy linked to advancement along the gauge (more von Vi ihn nutzung des Kraftstoffs durch das Fahrzeug, sondern 

fuel economy represented by a clockwise arc). The number auch vc Fax und anderen nichttechnischen Faktoren abhängig. CO: ist das 


; für die ElfiovåMiung hauptsächlich verantwortliche Treibhausgas. 
of stars or the numerals grading on the scale depends on TB = 


the highest preset threshold for energy performance that 
the model is able to meet. The sample of dial label is given 
in Fig. 2 [101]. 


Zusätzliche nützliche Inf EN 


Informationen zu H 
Abgasemissionsklasse, Normverbrauchsabgabe H 


(b) Bar label: This type of label uses a bar chart with a grading Biodieseltauglichkeit, Hinweis auf die Verwendbarkeit 
from best to worst. All grade bars are visible on every label von CNG, LPG oder andaran Krolistaflen, Batriehegarsuach, 
8 y Eigengewicht. des Fahrzeuges, Länge und Breite des 


with a marker next to the appropriate bar indicating the Fahrzeuges. Anzahl der Sitzolatze 


grade of the model. The sample of bar label is presented in — | 


Fig. 3 [102]. ; . x . Fig. 7. Austrian fuel economy label. 
(c) Linear label: This label has a linear scale indicating the high- 


est and lowest energy use of models in the market, locating 
the specific model within that scale. The sample of linear 
label is presented in Fig. 4 [103]. 

(iii) The information only label, provides information on the tech- 
nical performance of a single labeled product and offers no 
simple way (such as ranking system) to compare fuel economy 
performance between vehicles. The sample ofinformation only 
label is given in Fig. 5 [104]. 


2.3. Benefit of fuel economy label 


The benefits of fuel economy label can be observed when the 
program is well designed and implemented. Some of the beneficial 
consequences and advantages of using the labels can be classified 
as follows [98]: 
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FUEL 
CONSUMPTION 


Energi 


Audi 
A2 3L 1,2 TDI aut. 


Diesel 


Fuel CO» 
Consumption Emissions 
(L/100km) (g/km) 


Braendstofforbrug i km pr. liter 


Combined Test Combined Test 


CO, udslip i gram pr. km 


Ejerafgift pr. år 
Brændstofudgifter I kr. pr. år 
(beregningseksempe! ved 20.000 km og 7 kriliter) 


Sikkerhedstest EuroNCAP 
* Kollisionssikkerhed 
- Fodgængervenlighed 


Carbon dioxide 
(CO?) is the main 
contributor to 
climate change 


Yuerliyere uplysninger på www.euroncap.com 
iot www fslyr dk 


* efter modeibelegnelten. betyder nyeste model 


En oversigt over brssnsluffu bug vy GO,-udolip for aile nye peraenbiler fae grotic på allo 
salgssteder og kan ses på www.hvorlangtpaaliteren dk 


Ud over bilens oplyste braendsstofforbrug spiller også køremåde en rolle for en bils faktiske 
braendstofforbrug og CO,-udslip. CO, er den drivhusgas, der er hovedansvarlig for den 
globale opvarmning 


More information at www. el BEE si 


Fig. 10. Australia fuel consumption label. 
Forbrug til klimaanieeg o.lign. indgår ikke i oplysningeme om brændstofforbrug d P 
Diesel: Udstødningsgassen fra dieselbiler, der ikke er forsynet med partikeifiler, vurderes at 
være mere sundhedsskadelig end udstødningsgassen fra benzinbiler. 


Fig. 8. Denmark categorical bar type comparative label. 


‚oorbehouden 


Brandstofverbruik en dy drue 


rd Focu CO>-uitstoot personenauto's i an het merk 
Fuel errem y (nope ne 2 P [facultatieve melding) 
Merk x 


CO; emission figure (g/km) — EB m 
Model Y 
Uitvoerin 1,4 
Brandsto! benzine 
Versnellingsbak manuele 


m. I Brandstofverbruik 6 2 i 
> gemeten volgens officiele testeyclus y liter/ 100km 


CO;-uitstoot 


gemeten volgens offici steyclus 

CO; is het broeikasgas dat bij de /km 

wereldwijde klimaatsverandering de g 
belangrijkste rol speelt 


penn This figure is 
wayi and average o prce Re 


isas um petrol 76p. deste 780 and LPG Sip £694 


Do —————Ó £115 Brandstofverbruik en CO ,-emissies 
vergeleken met het gemiddelde Van alle modellen 


van benzinewagens 
A guide on fuel economy and CO, emissions which contains data for all new passenger car models is 


available at any point of sale free of charge. In addition to the fuel efficiency of a car, driving behaviour as [met als gemiddelde 7,4 V100 km en 175 g/km CO 2) 
well as other non-technical factors play a role in determining a car's fuel consumption and CO, emissions. 
CO, is the main greenhouse gas responsible for global warming 


Environmental Information 


250 g/km 


COz 


130 150 190 220 


Make/Model Ford Focus 1.6 TDCi (110ps) Engine capacity (cc): 1560 
Fuel Type Diesel Transmission 5 speed manual 


Fuel Consumption: 9,3 10,5 V100 km 


Drive cycle Litres/100km Mpg 
Urban 62 45.6 
Extra-urban 40 70.6 


Combined 48 58.9 Jaar van toepassing 2001 


Carbon dioxide emissions (g/km): 127g/km Een gids betrellende he! brandstolverbruik en de CO: -uitsteo! met gegevens voor alle mo dellen van nieuwe 
Important note: Some specifications of this make/model may have lower CO, emissions than this. Check personenauto’s is gratis verkrijgbaar in elk verkcoppunt. 

with your dealer. Naast de brandstofefficie ntie van een auto zijn ook het rijge drag en andere niet-technische factor en 

beg aland voor het brandstofverbruik en de COz-uitstoot van aan auto. Een regelmatig en goed onderhoud 
van de wagen wolgen > Ue wourschr iten vande Comsructeur Devordert ugk eenvermidenmg van het 
hrandstmfverhruik en van de CO»-witezoor 


3 Department for d 
wi Low... Transport VA 


Fig. 11. Belgium fuel economy label. 


Fig. 9. U.K. fuel economy label. 
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energieEtikette 


Marke Testwagen 
Typ Benzin 
Treibstoff Benzin 

Getriebe Manuell, 5 Gänge 
Leergewicht 1800 kg 
Emissionsvorschrift EUROS 
Energieverbrauch 7.411 100 km 
EU-Normverbrauch 

CO,-Emissionon 177 g / km 


CO, ist das für die Erdenvårmung haupt- 
verantwortliche Treibhausgas. 


| 


Energieeffizienz 


För die Einteilung in die Kategorien der 
Etikette sind zwei Grössen massgebend: 
Energieverbrauch und Gewicht. 


Dor Enorgioverbrauch und damit dio CO,- 
Emissionen eines Fahrzeugs sind auch 
vom Fahrstil und anderen nichttechnischen 
Faktoren abhångig. 


o n 


Informationen zum Energieverbrauch und zu den CO, Emissionen, inklusive einer Auflistung aller angebotenen 
Neuwagen, sind kostenlos an allen Verkaufsstellen erhältlich oder im Internet unter www energieetiketle ch abruf. 
bar 


Güftig bis 31.12 2012 / 1XY000 (m5) 


Fig. 12. Switzerland endorsement label. 


(i) they will result in significant amount of fuel savings and emis- 
sions reduction; 
(ii) they are cost effective tools that are very useful to reduce energy 
growth without reducing economic growth; 
(iii) they can shift the manufacturers, consumers and public behav- 
ior toward a more efficient use of energy; 
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Ask your dealer for the FUEL CONSUMPTION GUIDE 
or call 1-800-387-2000. 


Premium gasolina recommended 
Essence super recommandée 


ENER(QUIDE 


HIGHWAY / ROUTE 


6.1 / 46 


LAO km  ml/gal 


These estimates are based on the 
Government of Canada’s approved 
eriteris and testing metos The achat 
fuel consumption ol ites vehicle may vary. 
Rater t0 he Feel Consumption Guide. 


Donnas obtenues selon ies cmères ct 
måthodas dessus approvvés par le Gouver- 
nemant du Canadı. La consommation rtetle de 
carturaet de ce véhicule post variar, Consultez 
ie Guide da consommation de carburant 


Demandez le GUIDE DE CONSOMMATION DE CARBURANT 
à votre concessionnaire ou compasez le 1-800-387-2000. 


Fig. 13. Canada information-only type comparative label. 


(iv) they can treat all manufacturers, distributors, retailers equally; 
and finally, 

(v) they can result in energy savings that are comparatively mea- 
sure and can be verified. 


Therefore, by introducing an appropriate label, motor vehicles 
with the best efficiency ratings and most competitive price are 
more likely to be sold in large numbers. And consequently, inef- 
ficient or and less efficient vehicles will be slowly removed from 
the marketplace, and this will encourage the development of more 
cost and energy efficient technologies. The fuel economy label shifts 
the distributions of energy efficient vehicles upwards by providing 
information for customers to make rational purchase decisions and 
motivate manufacturers to produce vehicles with higher energy 
ratings. 

The fuel economy label is not only to set a guideline of fuel econ- 
omy ratings that manufacturers should follow but also to promote 
the awareness to customer toward purchasing higher fuel economy 
rating vehicles. It also encourages manufacturers to produce more 
efficient vehicles. Therefore, fuel economy label is an inexpensive 
gauge to change consumer behavior and simultaneously pull mar- 
ket transformation by encouraging motor vehicle manufacturers to 
produce vehicles with a better fuel economy [105]. 


Compare this vehicle to others in the FREE FUEL ECONOMY GUIDE available at the dealer. 


CITY MPG 


23 


Actual Mileage will vary with 
pr 


options, driving conditions, 

driving s and vehicto's 

condition. Results reported to 

EPA indicate that the majority 

of vohicios with these estimates 

will achieve between 

19 and 27 mpg in the city 
and between 

26 and 35mpg on the 


highway. 


Fuel Economy 


1993 CANARY 2.0 LITER 

L4 ENGINE FUEL INJECTED 
AUTO 3 SPD TRANS CATALYST 
FEEDBACK FUEL SYSTEM 


Estimated Annual Fuel Cost: 


$850 


HIGHWAY MPG 


30 


For Comparison Shopping, 

all vehicles classified as 
COMPACT 

havo been issued mileage ratings 
ranging from! 1 1031 mpg city 
and 1610 41 mpg highway. 


Fig. 14. U.S. fuel economy label. 
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FUEL ECONOMY 


km per litre 


For city driving 
when tested to UN ECE R 101 


Comparison 
Vehicles with engine capacities 
1601 to 2000 cc 
achieve 6.0 to 11.1 km per litre 


Actual fuel economy will vary according to factors such as 
vehicle condition, traffic conditions and habits. 


A joint SEC-NEA-NEEC initiative 
SINGAPORE GREEN LABELLING SCHEME D 


SE 


Compare models at www.neec.gov.sg 


Fig. 15. Singapore fuel economy label. 


From the consumer's point of view, the label itself is the most 
important element of the whole scenario. Hence, the label design 
is the most important part of the whole program. It must convey 
information for general public in a way to understand easily and 
assist the customer with purchase decisions. The energy label that 
appears on a motor vehicle is the peak of an elaborate infrastructure 


Consommation de carburant et émission de CO; 
www : VOITURE 

Modele : XXX 

Version : XXX 

free : Essence 


Consommation 
de carburant 


—Ó— — — ——— 


X,X 1/100 km 


Creme care URL SOD lom 
Cereal eaw a aee MG SOO hm 


CO; M XX g/km 


— — — — À — — —— 


Émissions de CO, élevées 

La cma Umm Om tt ler ael et ben nmm de CO diu eee ote nt Perm lm in sans dm um 
Cen enun (enar etos Tims (saint Au cempore ama vimse et Å autres Van teur rn hege 
Lem formater wer e» Contomemateone de Cacburant «t e emaon Se CO, Ge tou es modeles de 
turer vern in c oy A, comam thems Se anbe de ALM ME jammern etre siteres rame 
Gaon town ien posti de vente, apres de | ADEN et combien wor ke ute ansenet. Www.ademe. fr 


Fig. 16. France fuel consumption label. 


ARGE SS YR 


AUTOMOBILE FUEL CONSUMPTION LABEL 


MEINE: 
GENE: 
BEEN. 
BARRA: 


HEIR. XXX 


gare XX. X 


HØIM, XXX 


SAREREA XXXX-XXXX: 

SEXE ER SER A XXXX4EXX H XX A FRIT. 
ST RLPRIBAXX. X L/100 km: 

BØK ER BER BAXXXX4E XX AXE FIERIT. 
X1RLIR IR A XX. X L/100 km, 


L/100 km 


L/100 km 
L/100 km 


VL 

AAR AR AO LAGDE RI SSR ARARIRGB/T 19233-2008 (GE 
MESS ME. 

FRI. HERR. TRENE BG BENEA. KER 
BERETTE ARGE EL. 

ADR RENTE. REAREA ERR. 


AKG: RAAM: VOXEERXAXXE 


Fig. 17. China fuel consumption label. 


of elements and activities that are the foundation of an energy- 
labeling program. The position of fuel economy labels is atthe peak 
of other related energy efficiency programs. The so called iceberg 
of energy labeling program is presented in Fig. 6. [98]. 


2.4. Legal status of the label 


Fuel economy label can be either mandatory or voluntary in 
nature. Mandatory labels, prescribed for all of the vehicles in cate- 
gories, must be affixed by fuel economy labels when it sells in the 
market. Selling vehicles without a fuel economy label or removal of 
the label before customer purchase is considered against the law. 
The label prepared by the authority is subjected to country law. 
On the other hand, a voluntary fuel economy label is an alternative 
option. Under voluntary energy labels, only some vehicles, with 
the agreement of the manufacturers, who agree to carry labels, will 
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Fig. 18. New Zealand fuel economy label. 


1836 T.M.I. Mahlia et al. / Renewable and Sustainable Energy Reviews 16 (2012) 1828-1844 


Eficiencia Energética 


Marca: 


Modello: 


EE 


RENDIMIENTO 


E DE COMBUSTIBLE 


Norma de Emisión: EURO IM 


Emisiones de COz: 164 g/km 


^ 


P ped 


Los valores reportados en esta etiqueta son referenciales. 


El rendimiento de combustible y emisiones de CO; es el resultado del proceso de 
homologación desarrollado par el Centro de Control y Certificación Vehicular (3CV). 


El rendimiento obtenido dependerá de los hábitos de conducción, de las condiciones 
ambientales y gcográficas, entre otras. 


El CO; es el principal gas de efecto invernadero responsable del cambio climático. 


Införmate on wwwbuenaenergiaycl 


————— oter md enc e a MORS A n 
LLL LLLI LE sad 


Fig. 21. India fuel economy label. 


52.0 HDi SX 


Teho — 80 kW/110 hv 

Vakiovarusteina mm. 

kaukosáátóinen keskuslukitus 

Kuljettajan ja matkustajan istuimen korkeudensååtö 
kolmenpisteen turvavyöt kaikilla paikoilla 

6 turvatyynyå 

täysautomaattinen ilmastointilaite 
Hifi-radio/CD-soitin 

sähkösäätöiset, ja -lämmitteiset sivupeilit 
såhkötoimiset lasit edessa ja takana 

autom. tuulilasinpyyhkimet sadetunnistimella 
monitoiminäyttö 

suksiluukku 


ludi 
WR es ELE CAO EE 


OVH 33.900 € 
Metallivari 
Toimituskulut 


YHT 33.900 €. 
Vapaa autoetu 680 €/kk 


Fig. 20. Japan fuel economy label. 


have labels affixed. This is established by negotiation between the 


government authority and manufacturers. They have the merit of euyndstetty 5,6 — vi00km  copasso 147 — m 
being less controversial and, hence, somewhat easier to be imple- EU-kaupunk 7.4 1/100 km. EU-maantie4.e 1/100 km 
mented. However, a voluntary label does not work effectively in eva qiero rrr terrere 
many countries. a im so eb Pm Wette 


HUNdoksid| (CO,) on tarkein maapalloa fampenomists aiheuttava kssvihvonekassu MEN 


3. History of energy labeling 


Itis more than four decades that energy efficiency standard and Fig. 22. Finland fuel economy label. 
label are exists, but they were highly taken into account just after 
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Energie Personenauto 
Fabrikant Renault 
Model Renault Laguna 
1.6 16V 
handschakeling 
Brandstof Benzine 


Brandstofverbruik 7,3 liter / 100 km 


= 1 liter op 13,7 km 


poemeton vagens de test «an de |yoegoeckewiig: 


2002 


personen autos is gratis verkijgbaar ak verkooppumt 


Naest ce brancetolelfesiete van eon auto zin ook 
het rygedrag en andere. nal-sechnssche factoren bepalend 
voor hat brardstotverdnuk e^ 69 CO;-uttstoot van an auto. 


Foren 14494 EG: Efi ota; persononauto t 


Fig. 23. Netherlands fuel economy label. 


INFORMAGÄO SOBRE ECONOMIA DE 
COMBUSTIVEL E EMISSOES DE CO, 


MARCA 


Cilindrada / Transmissão | 1896 oc / Manual 


Consumo de combustivel * | 5,6 litros / 100 km 


* - Cartina 


Consumo de Comburiver 


Estar? spam gratutamanta em todos OG portos de venda, um gui SORG a economia du 
combDustiyu! e às amisé^us da COZ contendo os dos (AIVOS FO consumo de aombustwy da todos 
as modelos de sufomovais nowns de passagers. 


Pee orden do alicinoo am feros de comtustive du um BAOEN. 0 Apo de conducto, bam como cutros 
factaras nfo técnicos, (nfvenciem 2 datommhanfo do consumo de comtustiya! e des emissáas 


Ja COR 


O CO2 à o pinapa gås com stad de aus responsive pao aguecimento do planta 


Fig. 24. Portugal fuel economy label. 


oil price shock in the 1970s. They are still debating on the ori- 
gin of energy efficiency standards and labeling. The United States 
and European countries claimed that they are the first countries 
that implemented energy efficiency standards label for products. 
According to Egan [106], United States is the nation with the first 
energy label programs as far back since 1975. Boardman et al. [100] 
states that European countries are among the first in introducing 
legislation to limit the energy consumption of motor vehicles. Car 


Information 


Ober Kraftstoffverbrauch 
und CO,-Emissionen gemäß 
Richtlinie 1999/94 EG 


Marke: Leistung: 
Modell: Getriebe: 


Hubraum: Kraftstoff: 


Kraftstoffverbrauch kombiniert: 1400 km 
innerorts: 1400 km 
außerorts: /100 km 

C0,-Emission kombiniert: g/km 


Die angegebenen Werte wurden nach den vorgeschriebenen Messverfahren (RL 
80/1288/EWG In der gegenwärtig geltenden Fassung) ermittelt. Die Angaben beziehen sich 
nicht auf ein einzeines Fahrzeug und sind nicht Bestandteil des Angebotes, sondern dienen 
aein Vergleichszwecken zwischen den verschiedenen Fahrzeugtypen 


Hinweis nach Richtlinie 1999/94/EG: 
Der Kraftstoffverbrauch und die CO2-Emissionen eines Fahrzeugs hängen nicht nur von der 
effizienten Ausnutzung des Kraftstoffs durch das Fahrzeug ab, sondern werden auch vom 


Fahrverhalten und anderen nichttachnischen Faktoren beeinflusst. CO2 ist das für die 
Erdenvårmung hauptsächlich verantwortliche Treibhausgas. 


Ein Leitfaden über den Kraftstoffverbrauch und die CO2-Emissionen aller in Deutschland 
angebotenen neuen Parsonankraftfahrzeugmodelle ist unentgeltlich an jedem Verkaufsort in 


Deutschland erhältlich, an dem neue Perscoenkraft'ahrzeuge ausgestellt oder angeboten 
werden 


Fig. 25. Germany fuel economy label. 


BRÄNSLEFÖRBRUKNING, KOLDIOXIDUTSLÄPP OCH 
MILJÖKLASS 


FUE assist personbilar 


BHMBrke‘,sssssesesacnsssssscccersocdescsnsssacsesssssassonssassdsssnssaansscasssnebesssssonssansse 


Modellvariant .... 


mm 


seese 


Bränsleförbrukning (1/100 km) ...esesesenessseresesesereresesesessanenssssenevenssene 


Utsläpp av koldioxid/CO, (g/km) .snsrssensvrnernessesererssssesnessnensnssenesessnene 


Ju senare årtal miljöklassen anger desto mindre år bilens utslåpp av luft- 
olika bilmodeller. Förutom bränsleeffektiviteten har körsättet och andra 
icke-tekniska faktorer betydelse för att en bils brinsleférbrukning och 
koldioxidutslåpp skall kunna faststållas. Koldioxid år den våxthusgas 
som bidrar mest till våxthuseffekten. 


En broschyr om bilars brånsleförbrukning och koldioxidutsläpp med 
uppgift om alla nya personbilsmodeller kan erhållas gratis på varje för- 
säljningsställe. 


Broschyren utges av Konsumentverket och innehäller även uppgift om 
miljöklass och ytterligare information. 


Fig. 26. Sweden fuel economy label. 
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Fig. 27. Brazil fuel economy label. 
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Fig. 28. South Korea fuel economy label. 


labeling schemes were in existence for several years since 1975 in 
Sweden and since 1983 in United Kingdom. In European countries, 
the high oil prices and rising fuel price have leads to drastic change 
in new energy efficiency policy. The fuel economy label design was 
originally derived from energy labels for household electrical appli- 
ances used to enable the customers to differentiate the ranking 
based on energy efficiency. If the customers are aware of the appli- 
ances label, they probably will recognize the fuel economy label 
as energy performance of the vehicle. Most of the countries have 
selected a comparative label for implementing the program; there- 
fore, it is useful to review the format of similar energy labels that 
are currently being used in most countries around the world. The 
history of fuel economy label is given in Table 1. 


Fig. 29. Thailand fuel economy label. 


Eficiencia Energética 


Marca x 

Modelo Y 

Tipo Carburante Gasolina 
Transmisión Manual 
Consumo de carburante 6 litrosHO0km 
(Neos por cada 100 Andmetvos! 

Equivalencia 16,7 kmilitro 
(Kila metros por itro) 

Emisiön de CO: 144 gikm 


(gramos por Ka meteo) 


Comparativa de Consumo 
(con f» media de fos coches de ^u mismo tamaño a 
da vonta en España) 


Bajo consuma 


Alto consuma 


^ En todos Ins puntos de vanta puede obtenarse gratuitamente una gula sobre el consumo de 
combustible y emisiones de COs an la que figuran los datos de todos los modelos de auto mévilos de 
tunsmo nuevos 

* El consumo de combustible y las emisiones de COs, no sólo dependen del rendimiento del vehiculo, 
tambien nflyyen el comportamiento al volante y otros fsctoras no técnicos. EI CO: as el principal gas 
da sfacts invarnadero responsable del calentamiants del planeta. 


Fig. 30. Spain fuel economy label. 


4. Fuel economy label in selected country 


Fuel economy label has been successfully implemented around 
the world especially in developed countries. In this subsection suc- 
cessful implementation of the program in selected countries and 
type of label selected will be elaborated. In Austria, the Austrian 
Energy Agency (EVA) in cooperate with the Federal Ministry of 
Environment and the Federal Ministry of Science and Transport 
used the categorical bar type of comparative label. In Denmark, 
the fuel economy label scheme is administered by the Danish 
Energy Agency (DEA) in the Ministry of Environment and Energy. 
Besides, in United Kingdom, the Vehicle Certification Agency (VCA) 
is responsible to manage the label scheme of the country. The 


Table 2 


Fuel economy labeling schemes in selected countries. 


Austria Australia Belgium Canada Denmark Netherlands Sweden Switzerland USA 
Planned or Existing Planned Planned Planned Existing Planned Planned for Existing Planned. Existing 
attachment to Temporary label in 
cars-existing on meantime 


Scope 


Introduction date 


Mandatory? 

Units of 
consumption 

Comparison by 
absolute 
measure or 
relative scale 


Comparison 
parameter 

Other measures of 
consumption 


CO? 


Environmental 
ranking 
Printed guide 
Online guide 
Fiscal integration 


New cars sold to 
fleet buyers 


As directive 


As directive 


Yes 
L/100 km 


Relative by size 
and sales weighted 


Width x length 


As directive 


Intention to 
include values 
No 


Intended 
Intended 

Yes - with fuel 
consumption tax 
(No VA) 

15% maximum 


Passenger cars, 
maybe extension to 
light commercial 
vehicles, 4 x 4 
2000 


Yes 

L/100 km 

Absolute but 
perhaps label 
changed to 
appliance star style 
(relative) 


None 


None 


10-15% 


As directive 


As directive 
Yes 
L/100km 


Relative by size 
and sales weighted 


Width x length 


As directive 


As directive 
No 
Yes 


Yes 
Intended 


New cars, vans, 
light duty trucks 


1998 


No 


L/100 km; mpg 


Absolute 


None 


Annual fuel cost 
(focus of label) 


10% 


As directive 


1 January 2000 


Yes 
mpg 


Absolute 
comparing all cars 


None 


Krona/year 
Krona/20,000 km 
Krona/60,000 km 
Yes (g CO2/km) 


No 


Yes 

Intended 

Yes with fuel 
consumption tax 
(green owner) 


website 
As directive 


As directive 
Yes 
L/100 km 


Relative by size 
and sales weighted 


Width x length 


Cost/50,000 km 
Cost/liter 


Yes (g CO2/km) 
No 

Yes 

Yes 

Yes with relative 


consumption 


10% 


All passenger cars 


1977 
No 
L/100 km 


Absolute 


None 


None 


Yes (g CO2/km) 
Yes, ranking 1 to 3 
Yes 


Yes 
With enviro. rating 


As directive 


As directive but 
temporary label 
prior to that 

No: Temporary 
Not shown; 

L/100 km in guide 
No scale shown but 
“efficient” 
designation with 
sales weighted 
comparison for all 
same weight 
Weight 


None 


Not shown but in 
guide (g/km) 
No 


Yes 

Intended 
Intended - either 
to CO; or fuel 
consumption 
<5% 


New cars, vans, 
light duty trucks 


1975 


Yes 
mpg 


No scale but range 
of consumption 
shown for cars of 
same size 


Size class 


None 

No - intended for 
the guide 

In guide by ACEEE 


Yes 
Yes 


10% 
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Table 3 

Fuel economy labeling and GHG standards around the world. 
Country/region Standards Measure Structure Targeted fleet Test cycle 
Australia Fuel L/100 km Single standard New NEDC 
California GHG g/mile Vehicle class-based New U.S CAFE 
Canada GHG 5.3 Mt reduction Vehicle class-based New and in-use U.S CAFE 
China Fue L/100 km Weight-based New NEDC 
EU CO2 g/km Single standard New NEDC 
Germany Fuel and CO; km/L and g/km Single standard New NEDC 
India Fuel km/L Engine size-based New U.S CAFE 
Japan Fuel km/L Weight-based New JCO8 
Pakistan Fuel and CO; L/100 km and kg/km Engine size-based New and in use JC 10-15 
South Korea Fue km/L Engine size-based New U.S EPA City 
Singapore Fuel and CO; km/L and g/km Vehicle class based New and in use JCO8 
Sweden Fue L/100 km Vehicle class based New and in use U.S CAFE 
Taiwan Fuel km/L Engine size-based New U.S CAFE 
US Fuel mpg Single standard for cars; New U.S CAFE 


size-based for trucks 


CO, EQUIVALENT G/KM-CONVERTED TO NEDC TEST CYCLE 


MPG-CONVERTED TO CAFE TEST CYCLE 


Fig. 31. Comparison of international fuel economy and GHG Standards emission. 
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Fig. 32. Comparison of international fuel economy and GHG Standards emission. 
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Fig. 33. Map of Malaysia. 


samples of the type comparative labels in Austria, Denmark and 
United Kingdom are presented in Figs. 7-9, respectively [107]. 

The sustainable transport team at the Australian greenhouse 
office produced an information type comparative label. The label 
indicates the vehicle fuel consumption in liters per 100 km and the 
carbon dioxide emitted by the vehicle per kilometer. The label is 
shown in Fig. 10 [104]. In Belgium, the Flemish Institute of tech- 
nology research (VITO) with cooperation of the Belgian national 
government introduced information-only comparative type fuel 
economy label which indicates the fuel consumption of a vehicle in 
liters to travel 100 km and the amount of CO; emission in gram per 
km. This label is shown in Fig. 11 [104]. In Switzerland, the Swiss 
federal office of energy has administered a category bar compara- 
tive type of label. It is a simple label that acts as approval indicating 
the fuel consumption in liter per 100km of the specified vehicle 
and its corresponding emission in gram per kilometers endorsed 
by the Swiss government. The label is presented in Fig. 12 [104]. 

The transport energy use division, office of energy efficiency, 
natural resources Canada (NRCan) and the federal government of 
Canada introduced an information only fuel economy label in 1998. 
The label shows an estimation of the annual fuel cost placed inside 
a fuel pump graphic as shown in Fig. 13 [104]. The label also gives 
absolute fuel consumption in liter per 100 km and mpg for the city 
and highway driving. The design of this label is similar to the United 
States label as presented in Fig. 14 [104]. 

In Singapore, due to the government concern on fuel consump- 
tion of road transport emissions associated with rapid growth of 
vehicle number, various energy efficiency programs and recom- 
mendations have been introduced to promote clean technology 
and to reduce the level of CO, and SO, emissions in order to 
protect the environment. The programs were announced and doc- 
umented in the Singapore Green Plan [108]. The Singapore Green 
labeling scheme in association with the national environment 
agency administered the fuel economy labeling scheme for passen- 
ger cars in 2003. The sample of the Singaporean information-only 
comparative type fuel economy label is as shown in Fig. 15. The 
scheme is to raise consumer awareness of energy efficiency of 
the passenger car. The fuel economy labeling scheme for some 
other countries such as France, China, New Zealand, Chile, Japan, 
India, Finland, The Netherlands, Portugal, Germany, Sweden, Brazil, 
Korea, Thailand and Spain are presented in Figs. 16-30, respectively 
[102,104,109-116]. 

The fuel economy labeling and GHG standards around the world 
are presented in Table 2 [117]. Table 3 shows the fuel economy label 
scheme for several countries [100,104,117-120]. 


A number of different test procedure, baseline, and approaches 
to regulate fuel economy and GHG emission have been developed 
over the last several decades. The aim of fuel economy standards 
and labels are different in stringency depending on the priorities 
of the regulating body, their apparent forms and structures and by 
how the fuel economy or GHG emission levels of motor vehicles are 
measured by test procedure. Therefore, it needs the methodology 
to compare the existing fuel economy equally since different parts 
of the world use different type of test procedure in determine fuel 
consumption and GHG emission. An and Sauer [121] developed the 
methodology for directly comparing vehicle fuel economy in terms 
of European style (grams of CO; per kilometer) and US style (miles 
per gallon). Acomparison of the relative stringency and implemen- 
tation schedules of GHG emissions and fuel economy around the 
world is given in Figs. 31 and 32 [122]. 


5. Fuel economy label in Malaysia 


The energy consumption by transportation sector alone in 
Malaysia is accounted for about 36% [123]. However, the country 
still yet to have fuel economy labels for motor vehicle. How- 
ever, the Ministry of Energy, Telecommunications and Multimedia 
(METM) administer the energy commission to be responsible for 
the implementation of an energy efficiency program in the coun- 
try. A voluntary energy label for refrigerators and freezers has 
been implemented in 2004. The label is a categorical dial type 
comparative labeling scheme. It has a square/rectangular base 
with a semi-circle or “dial” across the top. The “dial” resembles 
a speedometer or gauge, the further advanced the gauge is in the 
clockwise direction, the better the product. The number of stars 
or the “grading” numeral on the scale depends on the energy per- 
formance that the model is able to meet (there are five rankings). 
With the Malaysian government joining forces with United Nations 
Economics Commission for Europe (UNECE) in the global harmo- 
nization of automobile standards implementing WP53 label to car 
parts, thus, this study is in support of this program. 

Malaysia is comprised of west Malaysia (Peninsular Malaysia) 
and east Malaysia (Sabah and Sarawak) with the total area of 
330,242 km? with the breakdown presented as follows: 


Peninsular Malaysia 131,703 km?. 

Sabah and Labuan 74,089 km?. 

Sarawak 124,450 km?. 

The map of Malaysia is given in Fig. 33 [124]. 
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m Motorcycles Commercial Vehicles 


m Pasenger Cars 


Fig. 34. The breakdown according to vehicle type. 


According to the statistical data reported by the population and 
housing census 2011, the total population of Malaysia is around 
28.63 million compared to 18.38 million in 1991 thus giving an 
average annual growth rate of 2.62; in the period of 1991 to 2000 
[125,126]. After nearly a decade of strong economic growth (annu- 
ally average of 8.7%), Malaysia experiences a hard hit by the regional 
financial crisis of 1997-1999. The economy suffered a sharp 7.5% 
contraction in 1998 but rebounded in 1999 to grow by 5.6% [127]. 
In the 40 years thereafter, Malaysia's economic had been one of the 
best in Asia's territory. The country developed the automotive sec- 
tor to help reduce the economic dependency only on rubber and 
palm oil, and to avoid having a huge trade deficit, and as a platform 
for economic development [128]. The automotive market is dom- 
inated by national cars such as Proton and Perodua, and some 25 
other manufacturers [76]. In Malaysia around 89% of vehicles use 
petrol and around 11% of them use diesel while the number of vehi- 
cle has an average annual growth rate of 9%. At the moment, there 
are about 20.2 million vehicles in this country with an approximate 
vehicle type breakdown presented in Fig. 34 [129]. 

In Malaysia, the inspection of new vehicles is subjected to the 
type approval inspection, which is conducted by examining the 
documentations submitted to Department of Environment (DOE) 
by the vehicle manufacturers or assemblers, and for in-use vehi- 
cles through periodical inspection, which is to be conducted at 
inspection centers [130]. 

Despite being self-sufficient in terms of oil and gas needs and 
being a member of the Association of South East Asia Nations 
(ASEAN), Malaysia has always given a high priority to oil secu- 
rity and emergency preparedness efforts. This explains Malaysia's 
commitment and ratification of the ASEAN Petroleum Security 
Agreement (APSA) 1986; it is very beneficial to introduce the fuel 
economy label for motor vehicles in Malaysia, in order to achieve 
the solution of being oil dependence which always ties in techno- 
logical progress such as developing advanced vehicle technologies 
that use energy more efficiently. By taking an interest in the fuel 
economy label, it can help to reduce gasoline and diesel con- 
sumption growth in Malaysia, reduce GHG emissions, create jobs 
distribution widely across states, industries and occupations, pro- 
viding awareness to customer to have decision power to purchase 
avehicle with a higher fuel economy and create incentive for motor 
vehicle manufacturers to produce cleaner, and more fuel efficient 
vehicles in the future. The Malaysian government heavily influ- 
ences the activities of the domestic automotive manufacturers and 
assemblers because as a developing country, Malaysia believes that 
a strong motor industry brings employment, technology and pres- 
tige [128]. Furthermore, many sectors in Malaysia will benefit from 
implementing this strategy. Therefore, this work aims to give an 
initiative for Malaysia and as well as to other developing coun- 
tries to implement fuel economy label as soon as possible. A huge 
saving can be obtained while taking the advantage of advanced 
technologies [131,132]. With the implementation of fuel economy 


label for motor vehicles, consumers can be educated to have more 
information in purchasing decisions. 


6. Conclusions 


Nowadays, the information plays a vital role during purchasing 
selection and purchasing procedure. It is important for the potential 
buyerto obtain the accurate information before the purchase made. 
By introducing the fuel economy label, motor vehicles with higher 
energy ratings and most competitive price are more likely to be sold 
inlarge numbers. Consequently, inefficient or less efficient vehicles 
that are contributing to the loss of the country's energy resources 
will be slowly removed from the market place. The fuel economy 
label is a tool that promotes the distributions of more energy effi- 
cient vehicles upwards by presenting sufficient information for 
the potential buyer to help them for making wise decisions and 
motivate manufacturers to produce vehicles with higher ratings. 
The present study shows that implementing fuel economy label 
is one of the most promising strategies to reduce fuel consump- 
tion growth in the future. Apart from consumers, fuel economy 
label also provide great benefits to the national economy, natural 
environment and local manufacture. As the largest car producer in 
ASEAN, Malaysia should be a front-runner for high efficient motor 
vehicles and should implement the fuel economy label as soon as 
possible. This is the time for the policy makers and energy planner 
to consider the programs as the top priority to gain an optimum 
energy, economic and environmental impact. 
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